Over the past few decades, risks associated with providing for financial security in retirement have increasingly shifted from employers to employees as employer-provided pensions have shifted from defined-benefit to defined-contribution (DC) plans. Recent work in behavioral finance suggests that investors do not make optimal investment decisions in their DC plans. We designed and administered a pair of mutual fund choice experiments to over 1000 survey respondents who participate in the RAND American Life Panel. Our analysis sheds light on the question of how mutual fund investors respond to variation in fees in a hypothetical scenario in which fees should be obvious to the investor. The results show that some aspects of individual behavior are consistent with rational wealth-maximization and the majority of the respondents are able to provide estimates of fees that lie within a benchmark range. However, we find that respondents tend not to minimize expected fees and are more averse to backend load fees than to front-end loads. The trade-off between expense ratios and loads is found to be somewhat sensitive to the expected holding period in a manner consistent with expected-wealth maximization, but investors may tend to be too averse to loads. Differences in measured financial literacy predict differences in behavior, with lower rates of literacy among women accounting for differences in choice behavior by gender. We also find that financial literacy mediates individual responses to the presentation of information intended to enhance decision making.
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Introduction
Over the past few decades, risks associated with providing for financial security in retirement have increasingly shifted from employers to employees as employer-provided pensions have shifted from defined-benefit (DB) to defined-contribution (DC) plans. According to calculations based on the Survey of Consumer Finances, among those workers reporting any pension coverage in 1983, 12% reported having a DC plan only, 26% reported both a DC and DB plan, and 62% reported having a DB plan only. By 2004, fully 80% of covered workers reported having a DC plan (63% DC only, 17% both) (Munnell & Sundén, 2006) . DC plans require employees not only to bear investment risk but also to make financial decisions for which they may be poorly prepared. Recent work in behavioral finance suggests that investors do not make optimal investment decisions in their DC plans. Mottola & Utkus (2008) examine data from over 2,000 DC plans and nearly 2.9 million 401(k) participants in a sample of Vanguard investors and find that only about 45 percent of investors are constructing portfolios with equity allocations that may be consistent with expert advice. Other research has found that most investors tend to use heuristics or simple decision rules to make their allocation decisions. Madrian & Shea (2001) , for example, examine 401(k) allocation behavior by a group of employees from a Fortune 500 company. They find that an individual's allocation of regular contributions to a 401(k) plan is sensitive to enrollment default options.
Recent litigation and congressional inquiries have focused attention on 401(k) plan fees: what fees are charged, who receives these fees, and what plan fiduciaries and participants know about the levels of these fees and their impact on financial returns (Government Accountability Office, 2006). The U. S. Department of Labor, which maintains regulatory oversight, is engaged in ongoing efforts to improve the disclosure of fees and expenses to plan fiduciaries and participants, as well as to the regulator. However, it is unclear how improved disclosure will ultimately impact investor behavior and outcomes. That is, even if participants know the fees they will be charged, will they use this information optimally when they make investment decisions?
To address this question, we administered a mutual-fund choice experiment to a sample of over 1000 adults who participate in the RAND American Life Panel (ALP), a national longitudinal survey administered via the Internet. The design was inspired by the experiments in Choi et al. (2006) , who find that a sample of Harvard undergraduates, Wharton business school students and Harvard employees tended not to maximize expected returns net of fees. Our study may be interpreted in part as a replication of elements of their study, albeit with a larger and more heterogeneous population. We also supplement the experiment with additional treatments, including variation in the expected holding period, as well as follow-up questioning to directly assess the ability of participants to calculate fees and the desire of participants to change their decisions after making these calculations. The ALP data also include important information about participants, especially indicators of financial literacy, collected in other waves of interviews.
Some other academic studies have focused attention on how fees and expenses affect the decisions of individual investors. Barber et al. (2005) analyze mutual fund flows and find that purchase decisions are sensitive to salient fees, such as front-end loads and brokerage commissions. In contrast, purchases are insensitive or perhaps positively related to management fess as indicated by expense ratios. A positive relationship could be explained by marketing, the costs of which may be included in the expense ratios.
Wilcox (2003) conducted experiments to assess how mutual fund and investor attributes affect choices among funds. He finds that individuals tend to avoid loads, overweighting their negative impact relative to management fees. This finding is actually stronger among highly educated and wealthy individuals. Moreover, members of these two groups are also found to overemphasize the importance of past performance relative to fees.
Without an experimental design that controls the information presented to decision makers, it is difficult to understand how fees and expenses affect behavior without knowing what individuals actually know about these costs. According to conventional wisdom, individual investors know little about the fees and expenses that they directly or indirectly pay. Survey evidence seems to bear this out for a large fraction of the population. For instance, a telephone survey of 3,000 mutual fund investors in 1991 found that almost 40 percent of respondents did not know whether they held shares in load or no-load funds (Capon et al., 1996) . A 1995 survey conducted on behalf of the Office of the Comptroller of the Currency and the Securities and Exchange Commission found that few investors could provide estimates of mutual fund fees that they face (Alexander et al, 1997). Over 80% of 401(k) plan participants in a 2007 AARP study reported that they do not know how much they pay in fees and expenses associated with their own plan AARP (2007). Recent findings from RAND American Life Panel (ALP) surveys of 401(k) participants and other mutual fund investors are in line with previous results (Dominitz, Hung, and Yoong, 2008).
Our analysis therefore sheds light on the question of how mutual fund investors respond to variation in fees in a hypothetical scenario in which fees should be obvious to the investor. Section 2 describes the experimental design. In Section 3, we discuss how expected-wealth-maximizing investors would solve the decision problems we pose and how expected fees would be calculated. Section 4 reviews the data and summary statistics. Section 5 presents empirical results from the survey experiments, and Section 6 concludes.
Experimental Design
Our survey module includes two sets of hypothetical choice questions embedded in a questionnaire. Respondents receive a lump sum payment of $10 after completion of the survey. In Experiment A, we designed questions to assess sensitivity to loads versus expense ratios, while varying the expected holding period. In Experiment B, inspired by the primary experiment in Choi et al. (2006) , we designed questions to to assess the extent to which respondents attempt to minimize fees when choosing among otherwise (nearly) identical mutual funds. Respondents are randomly assigned to complete either Experiment A or B first. We begin by discussing Experiment A.
Experiment A: Value Fund Choice Experiment
In Experiment A, respondents are asked to choose value funds in which to invest. They are first presented with a series of education screens that describe value funds, front-end and back-end loads and expense ratios. Definitions are highlighted and accessible to respondents at all times during the experiment.
Respondents are then asked to make a series of choices between a no-load value fund with a given expense ratio, and an otherwise identical value fund with a load but a lower expense ratio. The choice concerns the hypothetical investment of $1000. Both funds require an initial investment of at least $1000, so the problem becomes one of binary choice.
The respondent is first given a choice between a no-load fund with an expense ratio of 1.47%,and a load fund with an expense ratio of 0.82%. The load is 2.25% (see Table 1 ). We refer to this question as VF1.
If the respondent chooses the no-load fund in VF1, then the second question is identical but for the decrease of the other funds load by one-half of a percentage point to 1.75%. Subsequent questions continue to decrease the load by 0.50% until the respondent (a) chooses the load fund, (b) reports that he is indifferent between the two funds, or (c) reaches the final value fund choice question with a load of just 0.25%.
If, on the other hand, the respondent initially chooses the load fund in VF1, then the second question is identical but for the increase of that funds load one-half of a point to 2.75%. Subsequent questions continue to increase the load by 0.50% until the respondent (a) chooses the no-load fund, (b) reports that he is indifferent between the two funds, or (c) reaches the final choice question with a load of 4.25%.
If the respondent reports that he is indifferent between the load fund and no-load fund in VF1, then his subsequent questions are randomly determined to be either the sequence of decreasing load questions or increasing load questions, with the sequence ending whenever a strict preference is reported.
Based on an individual's pattern of responses to the subsequent choice questions, we are able to calculate what may be labeled as the maximum acceptable load. We define this as the load of the offered fund with the highest load that the respondent weakly prefers to the no-load fund.
We administered two cross-cutting treatments in Experiment A. Firstly, to assess understanding of the trade-off between loads and expense ratios, respondents are randomly assigned with probability one-half to either a 1-year horizon or 5-year horizon treatment. In the 1-year (5-year) treatment, respondents are asked to suppose that they expect to hold this investment for at least one (five) years. Secondly, to assess sensitivity to the nature of the load, respondents are also randomly assigned with probability one-half to either a front-end load or the back-end load treatment.
The numerical values of the fees are identical but for the description of the load as front-end (paid at time of purchase) or back-end(paid at time of sale).
Experiment B: Index Fund Choice Experiment
In Experiment B, respondents are asked to allocate money among S&P 500 index funds, in an experimental setup that is similar to the primary experiment in Choi et al. (2006) . In this case, respondents are first presented with screens that describe S&P 500 Index funds as funds that seek investment results that approximate those of the S&P 500 Composite Stock Price index. Respondents are also given a description of the S&P 500 Composite Stock Price index.
Respondents are asked to allocate $10,000 among four different S&P 500 index funds, all of which are front-load funds. They are instructed that they expect to hold the purchased funds for at least 10 years. They are then presented with a Table 2 .) Fund 1 is clearly the lowest cost fund, having both the lowest expense ratio and the lowest front-end load.
We also administered two cross-cutting treatments in Experiment B. First, to test the efficacy of a visual aid that reinforces the importance of fees, respondents are randomly assigned with probability one-half to either a fees graph or no graph treatment. Those in the fees graph treatment group see an additional screen prior to making the allocation decision, whereas the other respondents do not. The screen displays the graphic shown in Figure A , adapted from a recent report by the U.S. Government Accountability Office demonstrating the impact of an additional 1% in annual fees (Government Accountability Office, 2006). The second experimental treatment is designed to assess the effect of the investment company name on allocation decisions. Respondents are randomly assigned with probability one-half to one of two treatments: Allegiant lowest or Morgan Stanley lowest. In the first group, respondents are presented with the choices in the fees table above (corresponding to actual fee information collected by Choi et al. (2006) ), in which Fund 1 is named Allegiant. Respondents in the second group are presented with an identical table in which the names "Allegiant" and "Morgan Stanley" are swapped, such that Morgan Stanley appears to be the lowest cost fund.
Follow-up Questions
At the conclusion of both experiments, all respondents are asked to rate, on a 5-point scale, the degree to which they agree or disagree with the following statements:
• I am very confident that I made the decisions that would be best for me.
• The differences in fees charged are so small, it really doesnt matter.
• The fees charged by these funds are pretty typical for mutual funds available to people like me.
• I would trust Morgan Stanley to make wise investments with my money.
• I would trust Allegiant to make wise investments with my money.
Next, the survey includes questions intended to gauge how well respondents comprehend the fee information that was presented to them in the hypothetical choice questions. In particular, respondents are asked to estimate some fees. Respondents who received Experiment B last are given the S&P 500 Index Fund Fees Table again and presented with the following two scenarios:
1. Suppose two investors, Terry and Lynn, each purchase $1,000 worth of shares in the Mason Street Index 500 Stock Fund.
• Terry sells the shares after one year and receives $1,050, after all fees are paid.
• Lynn sells the shares after five years and receives $1,200, after all fees are paid.
2. Suppose, instead, that these two investors, Terry and Lynn, each purchase $1,000 worth of shares in the UBS S&P 500 Index Fund.
For each scenario, respondents are asked to estimate the amount of fees that Terry and Lynn each paid. Each respondent is then reminded of his or her allocation decision for the index funds and given the option to change the allocation.
Respondents who received Experiment A last are instead given the initial Value Fund Fee Table from question VF1 again, and presented with the following two scenarios:
1. Suppose two investors, Terry and Lynn, each purchase $1,000 worth of shares in the no-load value fund
2. Suppose, instead, that these two investors, Terry and Lynn, each purchase $1,000 worth of shares in the back(front)-end load value fund.
For each scenario, these respondents are asked to estimate the amount of fees that Terry and Lynn each paid. Each respondent is then reminded of his or her initial choice in question VF1 and is given the option of changing the response.
Predicted Responses Under Expected Wealth-Maximizing Behavior
The expected-wealth-maximizing choices in these scenarios depend on expectations of holding periods and the evolution of fund share prices. In this paper, we remain purposely agnostic about the latter, assuming that each individual has his or her own (unobserved) subjective expectations about the evolution of asset prices. Even under this assumption, however, we are able to describe important aspects of individual responses that allow us to comment on the optimality of observed choices and the accuracy of fee calculations.
Experiment A: Value Fund Choice Experiment
Consider first the choice between no-load and load value funds. If the instructions are taken literally, expectations for the prices of fund holdings and hence the gross return (i.e., before fees) should be identical across the two funds. Differences in expectations of the returns net of fees should only be attributable to differences in the load and the expense ratio. Note that even if one had perfect foresight over the gross return, the questionnaire deliberately does not supply enough information to calculate the net return, because it omits any mention of the time at which the management fee (i.e., expense ratio) is applied. We summarize the fees calculation for VF1 corresponding to a hypothetical scenario with a fixed gross annual return of 5% in Table 3 . Note that the nominal fees paid to the investment company will vary across load types even when net returns to a front-end load and back-end load fund do not. Thus, in Experiment A, fee minimization does not imply wealth maximization, even when the underlying fund holdings are identical. Note also that the nominal fees paid for the back-end load fund will exceed those of the front-end fund, which is generally true if the gross returns are positive.
Prediction A1: The wealth-maximizing choice of fund is not affected by load type
Consider two funds with an identical load L. Suppose that the funds are administered identically (i.e. the same management fees are deducted at the same time) but for the fact that one fund has a front-end load and the other has a back-end load. For any given holding period, the investors expectation of gross returns net of management fees, R, is therefore identical for both funds. For an investment of X, an investor in a front-end load fund will receive his principal (less initial sales load) multiplied by the period return net of expenses
An investor who puts X into the back-end load fund instead receives his principal multiplied by the same gross return net of management fees, R, less the sales load L applied at the end of the period. The final proceeds from investing in the back-end load fund are thus [X(1 + R)](1 − L), identically equal to the proceeds from investing in the front-end load fund. Whether the load is applied at the time of purchase or the time of sale does not affect the net expected returns to the investment and, therefore, optimal choices are insensitive to the type of load.
Prediction A2: Relative expected returns to picking the load fund weakly increase with holding period
If the investor expects to sell the fund shares in one or two years, then the no-load fund will have higher expected net returns except under very unusual beliefs about the time series of prices. Given that the load fund has a higher expense ratio, however, as the investment horizon increases, ceteris paribus, the load fund becomes more likely to be the optimal choice.
Prediction A3: Extreme values of willingness-to-pay for loads are unlikely to maximize expected wealth
For every choice of a load versus no-load fund, there exists a break-even value for the load, at which point expected net returns are equivalent. The break-even value depends, intuitively, on the relative expense ratios and the expected holding period: if the no-load fund has a relatively high expense ratio, then the investor may be willing to consider a fund with a relatively high load but a low expense ratio. Since expenses are paid each year, but the load is paid only once, investors are also willing to consider higher loads when the holding period is longer. The exact break-even point in each case varies with subjective beliefs on returns and holding periods. In general, however, the subset of investors who accept relatively high loads or reject relatively low loads given the same specified holding period and expense ratios may not be maximizing their expected proceeds, behaving instead as if there is a non-pecuniary benefit or cost arising from the load.
We illustrate these points with the following numerical example: Suppose a respondent expects that the fund holdings will yield a 5% annual rate of return before fees each and every year, and suppose that management fees are collected at year-end. For the no-load and front-end load funds, the reported holdings equal the proceeds from a sale after five years, whereas the back-end load holdings do not. However, the final proceeds from investing in the front and back-end load funds, shown by the last two columns, are equal (A1). Now, suppose the investor will sell the fund after one year. Table 4 shows that the proceeds from the no-load fund would be almost $1,035, corresponding to a net rate of return of about 3.5%. In contrast, the proceeds in the baseline fund case (question VF1 with a load of 2.25%) would be just $1,018, or a 1.8% rate of return. Should the investor instead hold the fund for five years, the load fund would yield a higher return, with proceeds of $1,197 as opposed to proceeds of $1,185. The no-load is the optimal choice in the shorter holding period, whereas the load fund is the optimal choice in the longer holding period (A2). In this example with this set of questions, this relationship holds as long as the load exceeds 0.25% in the former case and does not exceed 2.75% in the latter case.
Continuing this scenario, an investor with a horizon of one year has a break-even load of 0.61% (while an investor with a horizon of 5 years has a higher break-even load of 3.21%). Figure 1 illustrates the break-even point graphically for a 1-year horizon under an assumed annual gross return of 5%. The strategy that maximizes expected proceeds would be to select the load fund if and only if the load is below 0.61%. Investors who are willing to accept a load fund with loads higher than the break-even load (loads to the right of the intersection) would have higher expected proceeds were they to pick the no-load fund. On the other hand, investors who choose no-load funds over funds with loads below the break-even point (loads to the left of the intersection) are in effect paying a premium in order to avoid the load (A3).
Experiment B: Index Fund Choice Experiment
In this setting, if respondents believe that the underlying fund holdings are identical across funds, then the choice among S&P500 funds is relatively straightforward. The fund holdings, in fact, are not identical, so expectations of the gross returns to these funds can legitimately differ. However, the descriptions of these funds could reasonably be interpreted to indicate that expectations should be identical. In this case, unlike Experiment A, fee minimization implies wealth maximization.
Prediction B1: The expected-wealth-maximizing strategy for any expected holding period is to allocate all wealth to the lowest cost fund
The menu of options presented includes one option that strictly dominates all others, Fund 1. This option is the fund named Allegiant in the Allegiant lowest treatment group but appears as Morgan Stanley in the Morgan Stanley lowest treatment group. Since Fund 1 has both the lowest expense ratio (0.59%) and the lowest front-end load (2.50%), it strictly dominates the other choices.
Prediction B2: Allocating any money to Mason Street is unlikely to be optimal under expected wealth maximization
Investors may believe that the different funds will vary in their ability to deliver high returns. Investors may therefore choose to allocate money to more well-known funds or funds that are perceived to have a reliable brand-name. At the time of the survey, the Mason Street fund had been discontinued for over a year, whereas the three other funds are still operating and have identical Morningstar fund ratings as of 2008. While brand name and trust effects may differentiate the three remaining funds to some degree for potential investors, these effects are less plausible for Mason Street. Mason Street is therefore neither the cheapest fund (expense ratio of 0.80% and load of 4.75%), nor is it likely to be regarded as the most reliable or trusted alternative.
Fee Estimation
Finally, we also consider the actual estimation of fees. Recall that respondents are randomly selected to either estimate fees paid for the load fund and no-load fund presented in question VF1, or to estimate fees paid for one of the lower cost index funds (UBS, Fund 4) and one of the higher cost index funds (Mason Street, Fund 2). In both cases, fee estimates are elicited for 1-year and 5-year horizons, with net proceeds that indicate a positive return.
To establish a benchmark for normatively desirable responses, we compute benchmark fees for each of these scenarios under a baseline in which annual gross returns are assumed to be constant over the holding period and proceeds are equal to those specified in the questionnaire (see Table 5 . While there is no objectively right or wrong answer for the fee estimates, individuals whose fee estimates are extremely different from these may have unorthodox expectations about asset returns or, perhaps more likely, may have made some sort of computational error in the estimation of fees.
Data Description and Summary Statistics

The RAND American Life Panel
The RAND American Life Panel (ALP) is an Internet panel of respondents 18 and over. ALP members are recruited from among individuals age 18 and older who respond to the monthly Survey of Consumers conducted by the University of Michigan's Survey Research Center. The monthly survey produces, among other measures, the widely used Index of Consumer Sentiment and Index of Consumer Expectations. Each month, approximately 500 households are interviewed, of which about 300 households are a random-digit-dial (RDD) sample and 200 are re-interviewed from the RDD sample surveyed six months previously. MS respondents who meet eligibility requirements for this study are told that the University of Michigan is undertaking a joint project with RAND and asked if they would object to SRC sharing their information about them with RAND so that they can be contacted later and asked if they would be willing to actually participate in an Internet survey. Names, contact information, demographic information, whether and where they have Internet access are entered into a secure electronic database for future contact. Internet respondents with Internet access receive approximately $10 per 15 minutes of interview time. Respondents without initial Internet access receive a web-TV and free Internet access.
Upon joining the panel, ALP members complete the "My Household" questionnaire, which they are prompted to update each time they log in to a new module. This questionnaire yields a series of demographic characteristics of interest, including age, gender, education, race, ethnicity, labor force status, and household income.Since January 2006, over 40 survey modules have been fielded, partly in the area of financial decision making and partly in other fields, including the effect of political events on self-reported well-being, inflation expectations, joint retirement decisions, retirement preferences, health decision making, Social Security knowledge and expectations, measurement of health utility, and numeracy.
Members of the ALP tend to have more education and income than the broader U.S. population. There are two main reasons for this sample selection. First, the Michigan respondents tend to have more education than the population at large, as described by Census data. Second, the great majority of ALP members have their own Internet access, and Americans with Internet access tend to have more education and income than the broader population.
MS 11 Survey and Supplemental Data
The fund choice survey is referred to as the MS11 Survey of the ALP. As described above, respondents answer two sets of hypothetical choice questions and provide estimates of fees charged by mutual funds in one of the two choice experiments. MS11 was first administered in June 2007 and 1027 total panel members completed the questionnaire.
In addition, previous data collection efforts within the ALP have gathered information concerning basic financial abilities, as well as knowledge of and attitudes about investing. One previous survey -MS5, administered from May 2006 to November 2007 -assessed the level of basic and advanced financial literacy using a questionnaire developed by Lusardi & Mitchell (2007b) . The basic literacy questions concern compound interest, inflation, and time discounting, as previously fielded in the Health and Retirement Study. The more advanced questions cover such topics as the difference between stocks and bonds, the function of the stock market, the working of risk diversification, and the relationship between bond prices and interest rates. Appendix 1 contains the precise wording of the questions. Another previous survey, MS 8 , asks respondents about their own investment in stocks or mutual funds.
For the analysis sample, we restrict our attention to respondents who completed MS11, MS8 and MS5 and for which a full set of demographic characteristics is available, yielding a final sample of 664. Table 6 presents descriptive statistics for the sample as a whole while Table 7 gives the randomized treatment assignments for each treatment group by experiment.
Descriptive Analysis
Simple descriptive analysis of the response data suggests that, overall, peoples choices do not fully reflect information about fees and expenses even when explicitly presented with such information in this experimental setting, although some aspects of behavior are indeed consistent with predictions based on expected wealth-maximization.
Experimental Treatments
For Experiment A, the Value Fund Experiment, we look at two principal outcome variables. The key outcome of interest is the calculated value of the maximum acceptable load using all the available information. We also look at a binary indicator for whether or not the respondent weakly preferred a load in the baseline case of question VF1, which is less informative but helps provide supporting intuition.
The top panel of Table 8 shows the mean values of both the maximum acceptable load and the willingness to accept loads, by treatment group. Firstly, in line with A1, we find that the average maximum acceptable load consistently increases with time horizon. In the baseline VF1 scenario, almost twice as many respondents accept a given load when the expected horizon is 5 years instead of 1 and the average maximum acceptable load is approximately 0.70% higher. Note however that magnitude of the difference in maximum acceptable loads between the 1 and 5 year horizon is relatively small compared to what we would expect under the assumptions underlying the example in Figure 1 . In this case, an investor who maximizes expected net returns over a 5-year period would be willing to pay a maximum load that is about 2.6% higher than the maximum acceptable load if the holding period were to be just one year.
We also find suggestive evidence contrary to A2: respondents are not indifferent to the type of load, even though it should not affect the expected net returns to the investment. In the baseline scenario, respondents are significantly more likely to pick the load over the no-load fund when faced with a front-end as opposed to a back-end load ; on average, the maximum acceptable load is consistently about 0.3% higher in the front-end load treatment group.
Finally, these results imply that some individuals are not likely to be optimally trading off between loads and expense ratios, as suggested in A3, particularly in the 5-year horizon group. Given expected-wealth maximizing behavior, most respondents in the 1 year horizon would choose the no-load fund, and, conversely, most respondents in the 5 year horizon would choose the load fund. However, a large minority in fact do the opposite: approximately, a quarter of respondents instead choose the load fund in the 1 year-horizon, and half choose the no-load fund in the 5 year horizon (Table 8 . Figure 2(a) shows the empirical distribution of maximum acceptable load by treatment group. Notably, in the 1-year horizon groups, most responses lie within our computed break-even range. In the 5-year horizon groups, however, the proportion of responses in the benchmark range is much smaller. The majority of responses lie below the range i.e. these individuals appear to be load-averse.
We fit local polynomials to these empirical cumulative distribution functions in Figure 2(b) , the features of which summarize these observations. Firstly, the CDFs for 5 year horizons lie everywhere below those of the 1 year horizon groups; secondly, the CDFs for back-end load groups lie everywhere above those of the front-end load groups and thirdly, a substantial area under the CDF for each the 5-year horizon groups lies to the left of the break-even range starting at 2.75%.Thus, investors are willing to pay higher loads for a longer time horizon, and, for any given time horizon, they are willing to accept higher front-end loads than back-end loads.
In Experiment B, the Index Fund Choice Experiment, we look not only at the raw outcome variables (the total amount allocated to each of the funds) but also performance indicators of varying stringency. The first most stringent performance criteria is a binary indicator for whether the individual minimized fees i.e. placed all the portfolio allocation into the lowest-cost fund, Fund 1. The second is the portfolio share allocated to the lowest-cost fund. Finally, we compute the total expected portfolio fee given our benchmark assumptions. Table 8 shows that, on average, most money is allocated to the lowest cost fund, while the next most popular fund, UBS, is next lowest in cost. We find that most people do not minimize fees paid (implicitly failing to maximize their net returns), contrary to Prediction B1. Only 33% of the full sample do so across all treatments. In addition, Prediction B2 is also violated, as almost 11% of the average portfolio is allocated to Mason Street, our high-cost "undesirable" fund. This cannot be explained simply by some respondents allocating their money according to the 1/n rule. 6.2% of respondents split the $10,000 equally among 4 funds, and 14.0% split it equally between two funds -overall, the average number of funds held is 2.3, with the median respondent choosing 2. However, fully 39% of our respondents hold a non-zero allocation to Mason Street.
We also find that respondents are sensitive to the presentation of these choices. The lower panel of Table 8 shows that, on average, individuals are likely to hold more money in the lowest cost fund when the fund is named Morgan Stanley as opposed to Allegiant, and that more people place all their money in that fund. On the other hand, perhaps unexpectedly, it appears that the graphical treatment may have inconsistent or even negative effects: respondents who viewed the graph hold less money on average in the lowest cost fund and more money in Mason Street, our high-cost "undesirable" fund.
Fees Estimation
Next, we consider the responses of individuals who were randomly selected to estimate fees in each experiment. There are a few notable features of the fee-estimate distributions for both experiments (see Figure 4 (a) and 4(b) ). Note that while the interquartile range around the median tends to be rather tight, we find a number of extreme outliers in both cases. Therefore, both the mean and the standard deviation of the estimates for each hypothetical scenario tend to be very high. We find that the median values of the fee estimates, however, are very close to our benchmark computations for both value and index funds, and the implied ranking is consistent.
To understand the effect of explicitly performing these fee estimations, we compare the final choices of respondents to their original choices . We first consider Experiment A. Overall 26% of people in this group changed their initial response to question VF1, after performing the fee estimations. The top panel of Table 9 shows the average number of people willing to accept a load in VF1 before and after the fee estimations exercise. Note that on average, being asked to estimate the fees results in outcomes that are more consistent with our initial predictions: more individuals in the 5-year horizon treatment choose the load fund and there is greater convergence between the front and back-end load treatments.
Results for respondents who were randomly requested to make fee estimations for Experiment B are shown in the lower panel of Table 9 . There are small positive changes the final choices show that respondents on average re-allocate money towards the lowest cost, are slightly more likely to minimize fees and pay lower fees overall. These results must not be overstated, as the changes are small in magnitude and not statistically significant. Note however that this effect may be partly attributed to the fact that many fewer respondents choose to change their answer than in the case of the Experiment A (indeed only 26 individuals, or 7.3% of the randomly selected group, do so) . This result may arise from differences in burden on the respondent. Here, the respondent was asked whether she would like to change her response. Respondents who answer "yes" then proceed to select four new investment amounts that sum to $10,000. In contrast, respondents to the comparable question in Experiment A were presented with question VF1 again.
Average Treatment and Demographic Effects
We next analyze the data more formally in a regression framework, firstly in order to capture potential treatment interaction effects and secondly to consider the relationship between basic demographic characteristics and individual decision making, independent of treatments. In each experiment, our initial multivariate linear specification for predicting outcome Y includes dummy variables for each of the two cross-cutting treatments T 1 and T 2 and their interaction as well as a vector X of individual demographic controls (age, education, gender, income and previous stock market experience) . The estimating equation for individual i, is written
where the β coefficients give the estimated average treatment effects. We use ordinary least squares estimation for continuous outcome variables and probit estimation for the binary outcome variables. Estimation results are reported for the outcomes discussed in the previous section in Table 10 . We find strong treatment effects in Experiment A, but none in Experiment B. The first two columns show the results for the outcomes of Experiment A (with the omitted group being the 1 year horizon/front-end load treatment ) and we observe that the effects suggested by the purely descriptive analysis are borne out. We estimate a 0.3% premium for front-end loads, and a 0.7% increase in the maximum acceptable load as the expected horizon increases to 5 years. This is reflected in a 20% increase in the likelihood of accepting the load in VF1 when the horizon increases to 5 years.
In Experiment B (with the omitted group being the Allegiant lowest / No graph treatment ), average treatment effects are less precisely estimated. In general, the point estimates suggest that the graphical treatment on the whole has a negative effect, and the switch to Morgan Stanley, a positive effect, on performance. We find that there are no large interaction effects in Experiment A, although the magnitude and sign of the estimates for Experiment B suggest that there are important offsetting interaction effects between the naming and graph treatments.
When considering the demographic effects, however, the situation is reversed: in Experiment A, no demographic variables except for previous stock experience have strong predictive power but in Experiment B, several interesting relationships prevail. Firstly, education plays a significant role: respondents with a bachelors degree are predicted to be more likely to choose cost-minimizing portfolio allocations, to hold a higher proportion of the lowest cost fund, and to hold a lower proportion of the Mason Street fund than those who do not have a bachelors degree, conditional on other predictor variables. They are also less likely to report excessively high or low values of the maximum acceptable load in the value fund experiments, although these estimates are less precise. We also find that older respondents, respondents who already have investments in stocks and/or mutual funds and those with higher household incomes each make normatively superior choices conditional on other predictors, suggesting a role for previous experience and motivation that we will return to later. Finally, women are predicted to make normatively inferior choices relative to men, even conditional on the other predictors such as income and education.
Financial Literacy
We then focus attention on the role of financial literacy in decision making. Following Lusardi & Mitchell (2007a), we construct a financial literacy score S Li for each individual based on their responses to a series of questions about finance and investing, fielded in MS5. These questions cover respondents' ability to perform simple calculations, understand how compound interest works and understand inflation. Respondents are also asked to answer a set of more specific questions about investing that assess knowledge of assets, risk diversification, the working of market institutions and the relationship between bond prices and interest rates 1 . We perform a factor analysis using binary indicators for correct answers to all the questions using the iterated principal factor method, and compute the financial literacy score using the Bartlett Method, retaining one principal factor.
Direct Effects
For each outcome, we now estimate
in order to analyze both the relationship of financial literacy to choice behavior as well as its potential role in mediating the effects of other observable characteristics such as gender and experience. The estimation results in Table 11 describe the additional predictive value of including the financial literacy score along with the predictors from the previous specification. Financial literacy has a strong independent effect across both experiments, consistently predicting wealth-maximizing behavior in both experiments, even conditional on other observable characteristics such as formal education and investment experience. Respondents who score higher are more likely to choose the no-load fund in Experiment A, and cost-minimizing index-fund portfolio allocations in Experiment B, conditional on formal educational attainment, investment experience and other predictors.
1 These questions are found in Appendix C and the responses are listed in Table 6 The financial literacy score also accounts for some of the disparities between demographic groups observed in the previous results. The estimated relationship between formal education and predicted behavior is reduced once the literacy indexes are included in the estimation. The estimated predictiveness of age, current investment holdings and income in the prior specifications are also reduced, suggesting that these relationships may arise from variation in financial literacy developed as investment experience is acquired over a longer time frame. Note also that the relationship between predicted behavior and gender also weakens once financial literacy is accounted for. This suggests, as highlighted by Lusardi & Mitchell (2008) , gaps in financial literacy may account for observed discrepancies in behavior between men and women.
Moderating Effects on Experimental Treatments
We next investigate the hypothesis that financial literacy not only directly affects choices, but also potentially moderates the effects of our experimental interventions. In our linear specification, we now include interactions between financial literacy and the treatment dummies. We first estimate:
The results in Table 12 show that in Experiment 1, there is a positive relationship between financial literacy and the willingness to accept loads in the 5-year horizon group (Prediction A1), as a higher literacy score is correlated with being more likely to (correctly) accept the load in VF1 and express a higher maximum acceptable load. For Experiment B, the relative size and sign of the estimated coefficients on the literacy interactions (compared to the treatment dummies) imply that it is more financially literate that respond more to both the graph and name switch treatment by moving towards more wealth-maximizing allocations.
The distribution of financial literacy scores ranges from -4 to 1, and is highly right-skewed with a long left-tail below the median score ( Figure 5 ) . In order to clarify effects specifically for the group with lowest financial literacy, we define low financial literacy as being below the median of the distribution and reestimate the equation above substituting dummies for low literacy for the scores. The coefficient estimates in Table 12 imply that in the group with low financial literacy,receiving these interventions may leave individuals worse off relative to receiving no treatment at all. In particular, the estimated negative relationship between the presentation of a fee graph and costminimizing choice behavior appears to arise from choices made by respondents scoring below the median in financial literacy. This result calls attention to the possibility that presenting additional information to investors may have unintended consequences, especially when those investors are not sufficiently literate to interpret and make best use of the information. Similarly, Agnew & Szykman (2005) find that knowledge has a strong mediating effect on individual responses to various features of DC plans. In particular, they find that individuals who are less financially literate are more susceptible to information overload and more likely to opt for default allocations that may be suboptimally conservative. The authors strongly suggest that more careful plan design, rather than a one size fits all approach, is necessary to ensure that the less literate are not placed at further disadvantage by features that ostensibly promote better financial decision making.
Financial Literacy,Fee Estimates and Choices
We previously observed that the median values of the elicited fee estimates distribution are close to our benchmark estimates, but the results described above show that behavior ultimately does not appear to reflect wealth-maximizing behavior taking these estimates into account. We therefore next explore further the correspondence between the fee estimates and respondents' initial choices. We consider three ways in which financial literacy affects this relationship. Firstly, respondents with low literacy may be the ones who are most likely to make systematic errors in their fee estimates. Secondly, respondents with low literacy may not consider fees important when making choices i.e. conditional on the level of their fee estimates, they may be less likely to state that fees matter. Finally, such respondents may also not be able to implement cost-minimizing strategies : i.e. conditional on the same fee estimates and the same level of concern, these respondents may still be less likely to choose optimally.
Using our fee estimates, we first construct a measure of estimated relative prices. For Experiment A, we compute the ratio of the load fund to the no load fund fee estimates given by the respondents, both for the 1 year and 5 year scenario. For Experiment B, we compute the ratio of the Mason Street fund fees to the UBS fund fees for the more relevant 5 year scenario only, given that the expected horizon for respondent decisionmaking is 10 years.
To see if relative prices bear any relationship to the estimated choices, we first predict these choices excluding literacy. In columns (1) and (2) of Table 14 , we regress willingness to pay for loads in VF1 on the price ratio of load to no load funds for those individuals asked to estimate fees in the 1 year horizon and 5 year horizon treatment groups respectively, controlling for the type of load. In column (3), we predict the amount held in Mason Street funds using the relative price of Mason Street. Note that Figure 6 shows the distribution of these ratios: like the fee estimates themselves, we observe a number of highly extreme values. We therefore also include a dummy variable in each regression for outliers (below the 5th and 95th percentile of the relevant ratio distribution). Table 14 shows a significant and consistent relationship between relative prices and accepting loads : respondents who find load funds cheaper are more likely to choose them. Column (3) also show that the tendency to give extreme fee estimates is also positively related to holding a higher (undesirable) allocation in Mason Street.
We also include a measure of whether or not the respondent agrees that the difference in fees is too small to matter. This variable is measured on a scale of 1-5, where higher values indicate greater reported indifference. In Columns (4) -(6) we include this additional measure in the estimating equation. The results suggest that attitudes matter: respondents who are relatively indifferent are more likely to accept loads and allocate more money to the costly Mason Street fund, independent of the actual level of fee estimates
We next investigate the relationship between fee ratios, indifference to fees and financial literacy by predicting the level of indifference as well as the ratio using our financial literacy score. Column (1)-(4) in Table 15 ) shows that the more financially literate are less likely to express indifference to fees, and are more likely to place a high relative price on load funds.
Finally, we include financial literacy, reported indifference measures and fee ratios in the regression simultaneously. In Experiment A, including these new measures in addition to financial literacy significantly weakens the direct effect of financial literacy, suggesting that the main effects of financial literacy in Experiment A operate through fee estimation and the reported indifference measure. In Experiment B, however, we find that financial literacy still has an independent effect on the allocation to Mason Street, even controlling for relative fee estimates and indifference. This is interesting, given that Experiment A requires the respondent to make a binary choice based primarily on the fee estimates, while in Experiment B, the overall portfolio allocation exercise requires a more complex series of decisions.
Conclusions and Further Work
We designed and administered a pair of mutual fund choice experiments to over 1000 survey respondents who participate in the RAND American Life Panel. Our analysis sheds light on the question of how mutual fund investors respond to variation in fees in a hypothetical scenario in which fees should be obvious to the investor.
Overall, we find that respondents tend not to minimize expected fees and are more averse to back-end load fees than to front-end loads. The trade-off between expense ratios and loads is found to be somewhat sensitive to the expected holding period in a manner consistent with expected-wealth maximization, but investors may tend to be too averse to loads. Differences in measured financial literacy predict differences in behavior, with lower rates of literacy among women accounting for differences in choice behavior by gender. We also find that financial literacy mediates individual responses to the presentation of information intended to enhance decision making. These results point to the need for further research into financial literacy and the channels through which it affects financial decision making. 
